ABSTRACT 

X' 

■^Technological  options  for  increasing  the  productiv¬ 
ity  of  hydrographic  survey  launches  are  reviewed,  based 
on  observations  of  the  Naval  Oceanographic  Office  survey 
operations  in  the  Golfe  de  la  Gonave,  Haiti,  during  Nay 
1932. 


It  vras  found  that  multi-beam  sonars  have  the  poten¬ 
tial  to  increase  productivity  by  50%  in  terms  of  area 
surveyed  per  day  per  launch  for  water  depths  between  75 
and  200  meter's,  or  possibly  by  100%  over  the  very  limit¬ 
ed  depth  range  of  145  to  200  meters.  By  contrast,  under 
the  operating  conditlonc  observed  during  the  May  1982 
operation  in  Golfe  de  la  Gonave,  major  improvements  in 
reliability  and  maintainability  combined  with  use  of  the 
new  LCP(L)  MK'12  launches  can  potentially  increase  pro¬ 
ductivity  by  up  to  310%. 

Sector-scan  sonars  were  found  to  have  an  attractive 
potential  for  detection  of  navigation  hasards  between 
sounding  lines,  mapping  the  perimeters  of  hazardous 
areas,  and  reconnaissance  and  survey  planning.  These 
capabilities  will  increase  productivity  provided  the  so¬ 
nars  are  designed  for  operation  at  normal  survey  speeds.  4/ 
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COASTAL  HYDROGRAPHIC  SONAR/AOVANCED  ACOUSTIC  TECHNIQUES 
TECHNOLOGY  ASSESSMENT  REPORT 


1 . 0  INTRODUCTION 


On  15  December  1981,  the  Defense  Mapping  Agency  tasked  NORDA  to 
begin  development  of  an  Improved  hydrographic  sonar  to  increase  the 
productivity  of  the  NAVOCEANO  survey  launches.  This  effort  is  respon¬ 
sive  to  DMA  Guidance  for  Development  of  PY  84-88  Navy  MC&G  Program 
(U),  as  transmitted  to  the  Secretary  of  the  Navy  on  16  February  1982. 
"Approximately  63%  of  the  coastal  charts  and(  60%  of  DMA  Harbor  and 
Approach  Charts  have  been  evaluated  'Limited  Use.'"  To  solve  this 
problem,  a  need  exists  to  "Increase  the  productivity  of  the  coastal 
survey  program  as  a  matter  of  primary  importance.  Continuing  efforts 
should  be  made  to  increase  data  acquisition  capabilities,  whether  by 
automated  or  manual  methods.  Particular  emphasis  should  be  placed  on 
increasing  effectiveness  and  efficiency  of  the  sounding  launches  em¬ 
barked."  Simplicity,  ruggedness,  and  efficiency  of  data  processing 
must  be  stressed  during  the  development  of  this  sonar. 

Discussions  and  meetings  with  NAVOCEANO  resulted  in  the  follow¬ 
ing  clarification  and  amplification  of  the  requirement: 

Full  compatibility  with  the  NAVOCEANO/DMA  operational  scenario 
was  Identified  as  a  priority  requirement.  Two  major  operational  con¬ 
straints  which  impact  the  design  of  a  coastal  hydrographic  sonar  are 
the  platform  and  the  operator.  NAVOCEANO  presently  uses  36-foot  hy¬ 
drographic  survey  launches.  It  is  probable  that  they  will  continue  to 
use  this  sise  survey  launch  in  the  future.  Factors  which  impact  sonar 
design  include  the  availability  and  configuration  of  space,  availa¬ 
bility  of  power,  the  hydro- acoustic  environment  which  affects  the 
performance  of  the  sonar  transducers,  the  physical  environment  which 
the  electronic  units  must  withstand,  and  the  effect  of  boat  motions 
on  operator  performance. 

Subject  to  these  constraints,  the  roost  important  function  of  the 
Coastal  Hydrographic  Sonar  is  to  enhance  the  efficiency  and  effec¬ 
tiveness  of  the  routine  acquisition  of  soundings.  NAVOCEANO  personnel 
identified  the  following  additional  capabilities  as  desirable,  pro¬ 
vided  that  they  do  not  interfere  with  the  priority  requirement  of 
full  compatibility  with  the  DMA/NAVOCEANO  operational  scenario. 

•  The  ability  to  detect  navigation  haxards  between  survey 
tracks . 

•  A  safer  and  more  efficient  approach  to  mapping  the  perimeters 
of  haxardous  areas. 

•  A  more  efficient  approach  to  reconnaissance  and  survey 
planning . 

2.0  SCOPE  OF  THE  INVESTIGATION 

In  response  to  NAVOCEIANO's  emphasis  on  the  importance  of  opera¬ 
bility  and  maintainability  within  the  context  of  their  operations, 
the  decision  was  made  to  devote  the  major  portion  of  the  FY  82  effort 


to  th«  colloctlon.  aB8iinilation»  and  analysis  of  Information  on  the 
DMA/  NAVOCEANO  operational  scenario  and  on  the  performance  of  exist¬ 
ing  launch  Instrumentation.  Additional  effort  was  devoted  to  the  col¬ 
lection  of  Information  on  technology  to  add  the  previously  Identified 
desirable  additional  capabilities. 

2.1  OPERATIONAL  SCENARIO 

With  respect  to  the  operational  scenario,  the  fact  finding 
methodology  Included  consultations  with  NAVOCEANO  personnel  associ¬ 
ated  with  hydrographic  operations;  review  of  launch  drawings  and 
specifications;  Inspections  of  launches;  survey  equipment  and  data 
processing  equipment;  participation  In  tests  of  the  boat  data  logging 
system  In  Gulfport,  Miss.,  visits  to  USNS  HARKNESS  dockside  In  Fort 
Lauderdale,  Fla.,  and  participation  In  the  Haiti  survey  on  board  USNS 
HARKNESS  during  May  1982.  Excellent  cooperation  was  received  from 
both  NAVOCEANO  and  OCUNIT  FIVE  during  this  phase  of  the  Investiga¬ 
tion.  Personnel  from  both  organisations  were  frank,  forthright,  and 
perceptive . 

The  scope  of  the  Investigation  Included  the  launches  with  their 
equipment  and  Instrumentation,  the  maintenance  scenario,  operations, 
and  the  processing  of  data. 

The  instrumentation  maintenance  process  was  considered  from  the 
standpoint  of  equipment  reliability,  operating  conditions  affecting 
equlxment  reliability,  equipment  documentation,  availability  of  spare 
parts,  test  equipment,  training  of  the  maintenance  personnel,  and 
working  conditions  under  which  maintenance  is  performed.  Operations 
were  considered  from  the  standpoint  of  operating  procedures  and 
training  of  the  operators. 

Data  was  taken  on  the  actual  productivity  of  survey  launches  In 
terms  of  miles  of  track  per  day  during  the  May  1982  SURVOPS.  An  at¬ 
tempt  was  made  to  correlate  this  data  with  operational  constraints 
such  as  shoal  water  and  with  the  status  of  the  launches  and  their 
Instrumentation . 

The  Impact  of  the  else  of  the  launch  on  productivity  was  not 
considered  because  NAVOCEANO  personnel  advised  the  authors  that  de¬ 
finite  plans  had  been  made  to  acquire  new  36-foot  launches. 

2.2  EXISTING  LAUNCH  INSTRUMENTATION 

Data  acquired  on  the  launches  included  speed,  limitation  on 
speed  Imposed  by  the  echo  sounder,  power  supplies  and  problem  areas 
related  thereto,  environmental  conditions  which  affect  the  perform¬ 
ance  of  both  instrumentation  and  operators,  and  positioning  of  navi¬ 
gation  antennas  with  respect  to  the  sonar  transducers. 

The  DSF-600  echo  sounder  was  studied  from  the  standpoint  of  op¬ 
erating  characteristics  at  speeds  from  6  to  12  knots  in  sea  states  1 
to  3  over  varied  terrain,  and  from  the  standpoint  of  reliability  and 
malntalnabl 1 Ity . 
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Th«  Trispond«r  navigation  syatam  waa  conoidered  from  the  stand¬ 
point  of  reliability,  maintainability,  and  its  impact  on  operations. 

Meetings  were  held  with  MOAA  personnel  in  Rockville,  Md.,  and 
Washington,  D.C.,  to  acquire  information  on  the  instrumentation, 
staffing,  and  operation  of  the  HOAA/NOS  survey  launches,  the  results 
of  laboratory  and  field  evaluation  teats  of  the  Raytheon  DSF-600  echo 
sounder,  the  evolution  of  the  DSF-6000  echo  sounder  in  response  to 
problem  areas  discovered  during  these  teats,  test  plans  for  the  DSF- 
6000,  and  supporting  instrumentation/data  acquisition  developmer.c 
efforts . 

2.3  TECHNOLOGY  TO  ADD  DESIRABLE  ADDITIONAL  CAPABILITIES 

As  a  parallel  effort,  preliminary  information  was  collected  on 
potentially  applicable  technologies  such  as  multibeam  sonars,  side- 
scan  and  sector-scan  sonars,  image  processing,  and  phase  techniques 
for  quantitative  measurements  with  side-scan  sonars.  Industrial  firms 
contacted  included  Raytheon,  Wescon,  the  Harris  Division  of  General 
Instruments,  EG&G,  Klein  Associates,  Edo  Western,  and  Ametek  Straza. 

3.0  OPERATIONAL  SCENARIO 

3.1  LAUNCH  OPERATIONS 


3.1.1  Crew  and  Equipment 


The  typical  launch  crew  consists  of  5  people:  the  boat  of¬ 
ficer,  the  ET/ f athcxneter  operator,  the  plotter,  the  engineman,  and 
the  coxswain.  Occasionally,  a  sixth  crew  member  is  present  to  keep 
the  depth/navigation  log  and  to  reliveve  other  crew  members  for  occa¬ 
sional  breaks.  In  shoal  water,  someone  must  stand  bow  watch  (typical¬ 
ly,  the  boat  officer). 


The  electronic  technician  carries  a  reasonably  good  set  of 
tools  on  board  on  the  launch.  This  includes  soldering  equipment,  but 
no  test  instruments.  Maintenance  performed  on  board  the  launches  is 
normally  limited  to  card  substitution  and  to  obvious  items  such  as 
by-passing  an  obviously  broken  switch,  etc. 


The  equipment  on  the  Hydrographic  Survey  Launch  (HSL),  during 
the  May  1982  SURVOPS  in  Haiti,  consisted  of  a  Del  Norte  Technology 
Trisponder  Master  Unit  No.  210  with  display  Unit  No.  R03C,  24  vdc 
power  supply  No.  201  or  193  from  Raydlst  Systems  to  power  the  R03C, 
24  vdc  power  supply  No.  201  or  193  from  Raydist  Systems  to  power  the 
R03C,  Raytheon  Fathometer  No.  DSF-600,  radio  units  VRC47  and  PRC  77, 
and  Marine  Compass  Model  95-B.  Argo  DM-45  or  Raydist  DRS  are  used 
instead  of  Trisponder  whenever  the  required  ranges  to  shore  stations 
exceed  approximately  20  nautical  miles. 

The  HSL  electronic/electrical  system  is  powered  by  a  115  vac 
ONAN  generator,  model  MDJ-IR,  which  is  started  from  battery  power, 
and  two  12  vdc  batteries  connected  in  series  to  produce  24  vdc.  The 


MDJ  generator  has  a  rating  of  3  kw  of  power,  and  the  batteries  are 
rated  100  amp-hours  on  some  HSL's  and  200  amp-hours  on  others  (de¬ 
pending  on  availability) . 


3.1.2  Procedures 


The  OCUHIT  FIVE  launch  crew  has  an  0500  wakeup  for  breakfast. 
The  crew  meiribers  are  ready  for  launch  at  0630.  Transmit  time  to  the 
operating  area  is  typically  0.5  hours  to  2  hours,  depending  on  the 
relative  positions  of  the  ship  and  the  lines  to  be  surveyed.  One  half 
hour  of  this  transit  time  is  normally  required  to  raise  the  mast, 
conuset  navigation  antennas,  and  to  check  out  the  depth  scale  of  the 
fathometer.  If  Raydist  is  used,  an  additional  procedure  is  required 
to  resolve  lane  ambiguities;  this  involves  maneuvers  of  both  the  ship 
and  the  launches.  NORDA  has  not  observed  a  Raydist  calibration,  but 
OCUNIT  FIVE  personnsl  report  that  Raydist  calibration  requires  1  to 
1.5  hours  whsn  everything  goes  smoothly.  The  launches  are  recovered 
at  1630.  The  time  available  on  track  for  actual  surveying  may  vary 
from  3.5  to  8  hours,  depending  on  transit  time,  navigation  technique 
used,  and  time  required  for  launch  and  recovery. 

The  boat  officer  is  given  a  designated  area  and  a  procedure, 
which  the  crew  follows  to  acquire  data.  This  procedure  includes 
steering  survey  lines  along  circular  lines  of  position;  the  naviga¬ 
tion  system  is  therefore  positioned  so  that  it  can  be  seen  by  the 
coxswain  as  well  as  the  plotter.  After  arriving  at  the  designated 
area,  the  boat  officer  will  guide  the  coxswain  to  a  specific  posi¬ 
tion,  which  is  displayed  on  the  RC3C  in  meters  from  remotn  shore  sta¬ 
tions.  The  crew  is  then  responsible  for  the  operation  of  the  equip¬ 
ment,  plotting,  documentation  of  position,  depth  recording,  event, 
and  local  time  recording.  Positioris  are  recorded  in  the  survey  jour¬ 
nal  and  plotted  on  a  boat  sheet;  at  the  same  instant  the  electronic 
technician  engages  a  marker  switch  which  marks  the  DSF-600  chart 
paper.  For  the  May  1982  SURVOPS  in  Haiti,  navigation  fixes  were  taken 
every  60  seconds.  The  frequency  of  depth  readings  recorded  in  the 
sounding  log  varies  from  15  to  60  seconds.  Depth  sounders  are  always 
set  to  sero  tide  correction  and  xero  draft  correction,  as  correcting 
data  for  tide  and  draft  are  mother  ship  data  processing  functions. 

The  start  of  each  line,  fix  number,  time  of  day,  and  depth  are 
annotated  on  the  fathometer  chart .  This  process  is  repeated  until  the 
end  of  the  line.  At  the  end  of  the  day,  the  boat  officer  takes  the 
data  to  the  NAVOCEANO  data  processing  center  on  board  the  mother  ship 
where  the  data  is  logged  and  processed  by  NAVOCEANO. 

3.1.3  Products 

The  products  produced  by  each  launch  are:  plot  of  position 
fixes  and  tracks  keyed  by  fix  number,  sounding  log  containing 
navigation  and  depth  data,  and  the  t.  notated  depth  sounder  graphic: 
record . 


3.2  TRA7NINQ 


Th«  naval  partonnal  prasantly  aaaignad  to  the  Electronic  Depart¬ 
ment  of  OCUMIT  FIVE  are  Electronic  Technicians  and  Data  System  Tech¬ 
nicians.  The  Electronic  Technician's  assignment  is  to  operate  and 
maintain  a  wide  variety  of  electronic  eqiupment  such  ast  receiver- 
transmitter  units  in  the  VHF«  UHF,  and  IIF  range;  bathymetric  shallow 
and  deep  water  systems;  navigation  and  precision  positioning  equip¬ 
ment. 


A  great  part  of  the  Electronic  Technician's  time  is  spent  oper¬ 
ating  a  fathometer  and  positioning  equipment  aboard  the  36-foot  Hy¬ 
drographic  Survey  Launches  in  sea  states  that  range  from  1  to  J.  They 
must  have  complete  knowledge  of  the  operation  and  electrical/elec¬ 
tronic  parameters  of  the  equipment  to  ensure  quality  surveying  data. 
This  knowledge  for  the  most  part  is  obtained  from  on-the-job  training 
and  word  of  mouth.  Though  this  type  of  training  is  useful*  it  leaves 
a  gap  that  widens  as  people  are  reassigned  to  other  commands  after  a 
one-year  tour  of  duty*  and  new  personnel  are  assigned  as  replace¬ 
ments.  If  the  Electronic  Department  elects  to  send  personnel  TDY  for 
training  on  any  of  the  non-Navy  standard  equipment*  the  training  time 
is  counted  as  part  of  their  one-year  tour  of  duty.  Although  the  U.S. 
Navy  has  trained  the  personnel  in  electronics  for  a  minimum  of  36 
weeks*  few*  if  any*  have  had  previous  training  on  surveying  equip¬ 
ment. 


The  Data  Systems  Technician  group*  which  is  currently  at  50%  of 
its  full  contingent*  is  used  for  Survey  Control  watch  standing  and 
on-cal\  maintenance  for  the  ship's  HDAS  computer  and  peripherals. 

3.3  SUPPLY/ PARTS 

Because  of  the  use  of  non-Navy  standard  equipment*  most  of  the 
spare  parts  are  procured  by  HAVOCEANO.  Oceanographic  Unit  FIVE  has  an 
allowance  of  six  DSF-600  fathcxneters  and  six  mobile  and  six  remote 
Trisponder  stations.  Also*  the  ship  is  given  a  full  complement  of 
plug-in  cards  for  the  DSF-600  as  replacement  parts.  There  vare  no 
spare  parte  in  stock  for  the  Del  Norte  Trisponder  Positioning  System 
aboard  the  survey  launches. 

3.4  DATA  PROCESSING 

Data  processing  is  performed  by  NAVOCEANO  personnel.  The  final 
sounding  sheets  delivered  to  DMA  are  signed  by  the  NAVOCEANO  person¬ 
nel  «dto  produce  them;  therefore*  an^  error  in  the  final  chart  can  be 
traced  to  the  ilAVOCEANO  employees  who  process  the  data  on  board  the 
ship.  The  Impact  on  reputations  and  careers  in  the  event  of  a  marine 
accident  is  obvious.  Therefore*  the  NAVOCEANO  personnel  take  a  very 
cautious  approach  to  data  processing.  Each  step  of  the  process  i? 
checked*  point  by  i>olnt*  by  a  separate  analyst.  Also*  NAVOCEANO  per- 
so;inel  normally  disregard  the  plots  prepared  by  the  boat  operators  so 
that  they  can  control  the  quality  of  the  data  products  for  which  they 
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«r«  httld  accountabls.  Thus*  th«  primary  function  of  the  charts  pro¬ 
duced  by  the  boat  operators  la  quality  control  during  data  acquisi¬ 
tion. 


Typically,  each  day's  data  la  processed  during  the  following 
night  and  checked  during  the  next  day.  However,  two-day  processing 
turnover  is  not  Infrequent.  Some  Senior  HkVOCEAMO  Scientists  prefer 
to  have  original  data  analysis  and  checking  performed  during  the  same 
shift  to  Increase  the  opportunity  to  rotate  assignments  of  very  tedi¬ 
ous  work. 

The  following  data  processing  steps  are  performed: 

e  Tracks  of  all  launches  are  plotted  on  a  single  sheet.  Sound¬ 
ings  are  identified  by  fix  munber,  and  tracks  are  Identified 
by  launch,  date,  start  time,  and  end  time. 

e  Graphic  depth  sounder  records  are  scaled  with  a  digitising 
table.  Readings  are  taken  In  even  time  Increments,  typically 
three  or  four  per  minute.  (Note:  The  constant  chart  speed  of 
the  depth  sounder  simplifies  this  task.)  Also,  peaks  and 
valleys  of  major  features  are  scaled.  The  Wang  calculator 
used  for  this  purpose  adds  corrections  for  draft  and  observed 
or  predicted  tide  (depending  on  availability  of  tide  measure¬ 
ments),  and  numbers  are  rounded  off  according  to  a  documented 
round-off  procedure  that  produces  a  bias  toward  shoaler  read¬ 
ings.  A  listing  Is  produced  and  Indexed  by  position  fix  num¬ 
ber  and  time. 

e  Depth  readings  are  copied  from  the  listing  onto  an  overlay  of 
the  navigation  track. 

e  A  second  overlay  Is  produced  and  contains  marks  that  are 
color-coded  according  to  depth  Intervals  for  each  sounding. 
Contour  lines  are  then  drawn  between  areas  of  the  overlay 
that  contain  different  color  marks. 

e  Data  holidays  are  then  Identified,  and  appropriate  Instruc¬ 
tions  are  prepared  for  the  boat  officers. 

e  If  predicted  tides  are  used  for  data  correction,  much  of  the 
process  must  be  repeated  once  observed  tide  data  becomes 
available. 

e  For  the  Haiti  priority  1  area,  the  line  spacing  was  250  m 
most  of  the  time,  except  when  shoal  areas  were  being  develop¬ 
ed.  The  range  of  line  spacing  was  125  to  500  m.  The  data  was 
plotted  on  a  scale  of  1:25,000. 

3.5  VARIABILITY  OF  SURVEY  PARAMETERS 

The  scale,  track  spacing,  and  frequency  of  navigation  fixes  and 
soundings  are  characteristic  of  the  priority  1  areas  for  the  Haiti 
SURVOPS.  In  general,  these  parameters  are  selected  on  the  basis  of 
specific  guidance  contained  In  the  Hydrographic  Project  Instructions 
which  are  Issued  by  the  Commanding  officer,  U.S.  Naval  Oceanographic 
Office,  for  each  survey.  The  Hydrographic  Project  Instructions  nor¬ 
mally  cite  specific  paragraphs  in  the  following  basic  references: 
U.S.  Naval  Oceanographic  Office  (NAVOCEANO)  Publications  SP-4  "Hydro- 
graphic  Office  Technical  Specifications  for  U.S.  Naval  Surveys  and 


Supplementary  Data"  and  "Hydrographic  Ouldellnas" ;  and  National  Oce> 
anic  and  Ataospherlc  Adminlatratlon  (NOAA)  "Hydrographic  Manual," 
Fourth  Edition. 

4.0  PRODUCTIVITY 

In  the  broadest  sense  of  the  term,  productivity  Is  the  measure 
of  end  results  produced  with  given  resources.  The  most  significant 
end  result  of  the  NAVOC£ANO/DMA  coastal  survey  effort  Is  safety  of 
navigation  for  military  and  commercial  vessels.  Thus,  any  action 
Which  decreases  the  likelihood  of  an  accidental  grounding  In  relation 
to  the  amount  of  survey  effort  can  be  said  to  Increase  the  productlv’^ 
ity  of  the  survey  effort. 

Unfortunately,  navigation  safety  la  difficult  to  quantify  and 
measure,  especially  In  the  time  frame  required  to  plan  and  manage  a 
survey.  Therefore,  a  more  limited,  but  quantifiable,  operating  defi¬ 
nition  Is  needed.  For  purposes  of  this  report,  productivity  will  be 
referred  to  as  the  area  surveyed  per  day  by  survey  launches.  When 
this  limited  definition  Is  u»ed,  the  broader  Implications  of  the  nav¬ 
igation  safety  produced  by  the  charts  must  be  kept  firmly  In  mind. 

Productivity  may  be  broken  down  Into  the  three  ma^or  components 
listed  below.  The  product  of  these  three  elements  times  the  length  of 
the  surveying  day  equal  the  productivity  In  area  surveyed  per  day. 

e  The  percent  of  time  that  the  launch  Is  fully  operational  and 
on  a  survey  track. 

e  The  speed  of  advance  of  the  survey  launch. 

e  The  spacing  between  survey  lines. 

4.1  PERCENT  OF  TIME  FULLY  OPERATIONAL  AND  ON  TRACK 

No  matter  what  the  theoretical  performance  and  efficiency  of  a 
piece  of  survey  equlfMnent,  It  will  not  contribute  to  productivity 
while  it  is  down  for  unscheduled  maintenance.  Therefore,  reliability 
and  maintainability  are  essential  Ingredients  of  productivity. 

Reliability  Is  affected  by  the  design,  the  construction,  and  the 
condition  of  the  survey  equipment  as  well  as  the  physical  environment 
on  the  survey  platform.  Maintainability  Is  affected  by  equipment  de¬ 
sign,  procedures  and  documentation,  spare  parts  availability,  test 
equipment  personnel  and  their  training,  working  conditions,  and  time 
available  to  perform  maintenance.  Some  of  these  Items  can  be  Impacted 
by  technical  development  efforts;  others  are  policy  matters  for 
NAVOCEANO  and  OCUNIT's.  All  of  them  affect  the  end  result. 

4.1.1  Observed  Performance  of  Launches 


The  miles  of  track  accomplished  by  each  launch  on  the  USNS 
HARKNESS  during  the  period  14-26  May  1982  are  tabulated  In  Table  I. 
The  location  Is  a  relatively  well-sheltered  area  near  Port  Au  Prlnco, 
Haiti.  The  average  performance  In  miles  of  track  per  day  was  computed 
for  all  launches,  using  a  13-day  averaging  period  for  the  600  series 
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launchss  and  a  12-day  averaging  period  fc  the  711  launch.  (May  20 
was  treated  as  a  day  of  scheduled  maintenance  for  the  711  launch  and 
was  not  Included  In  the  average.) 

Note  the  high  day-to-day  variation  in  launch  performance.  The 
standard  deviation  was  35%  to  67%  of  the  mean.  Also,  day-to-day  vari¬ 
ations  correlated  well  with  equipment  problems  (which  will  be  dis¬ 
cussed  later)  and  with  shoal  area  development  requirements. 

In  order  to  Isolate  the  effect  of  equipment  problems  on  launch 
performance,  the  launch  surveying  capacities.  In  miles  of  track  per 
day,  were  calculated  for  the  conditions  which  prevailed  during  the 
measurement  period.  The  results  are  presented  In  Table  II. 

Sample  calculations  for  the  671  launch  are  discussed  below:  the 
671  launch  has  a  speed  capability  of  6  to  8  knots,  and  a  mid-range 
value  of  7  knots  was  used  to  calculate  Its  survey  capacity.  Sonar  did 
not  limit  the  speed,  so  that  surveying  could  actually  be  performed  at 
7  knots.  The  671  launch  operated  for  8  days  in  deep  water.  It  spent  5 
days  developing  shoal  areas  and  Islands  at  an  assumed  average  speed 
of  3  knots .  The  survey  area  was  close  enough  to  the  ship  to  permit  8 
hours  on  track,  assuming  that  everything  was  fully  operational  100% 
of  the  time.  On  the  basis  of  these  figures.  It  should  have  been  pos¬ 
sible  for  the  671  launch  to  survey  an  average  of  43.7  nautical  miles 
per  day.  Since  the  actual  performance  was  31.7  miles  per  day,  the  671 
launch  was  operating  at  73%  of  Its  capacity.  This  was  the  best  per¬ 
formance  observed .  Note  that  the  674  launch  only  surveyed  at  31%  of 
its  capacity. 

The  711  launch  was  analyzed  twice  using  both  the  12  knot  speed 
at  which  It  could  obtain  good  soundings  and  17  knots  to  represent  the 
top  speed  of  the  new  LCP(L)  MK12  derived  launches  which  NAVOCRANO  is 
currentlv  procuring. 

The  survey  capacity  of  the  fleet  of  four  launches  is  247 . 5  nau¬ 
tical  miles  per  day  If  the  711  is  considered  to  be  a  12  knot  boat,  or 
285.8  nautical  miles  per  day  If  the  711  were  able  to  operate  at  17 
knots.  The  fleet  actually  surveyed  an  average  of  119.4  nautical  miles 
per  day  (using  a  12.75  day  averaging  period  to  compensate  for  one 
boat  d^y  of  scheduled  maintenance).  Therefore,  the  fleet  operated  at 
either  48%  or  42%  of  its  capacity,  depending  on  whether  the  711 
launch  Is  treated  as  a  12  knot  boat  or  a  17  knot  boat. 

The  significance  of  these  rlgures  Is  the  potential  for  Increas¬ 
ing  launch  productivity.  If  a?  .  launches  were  fully  operational  100% 
of  the  time  and,  therefore,  capable  of  spending  8  hours  per  day  on 
track  at  sonar-limited  speed,  the  productivity  of  the  fleet  would 
have  doubled.  If  the  711  launch  had  been  fully  operational  100%  of 
the  time  and,  in  addition,  if  it  had  the  ability  to  survey  at  17 
knots  without  deterioration  of  the  fathogram,  its  productivity  would 
have  Increased  by  a  factor  of  3.4  (a  240%  Increase).  Finally,  If  all 
four  launches  had  this  100%  reliability  of  high  (17  knots)  speed  ca¬ 
pability,  flest  productivity  would  have  improved  by  a  factor  of  4.1 
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(a  310%  increase).  Thus,  the  potential  exists  to  increase  productiv¬ 
ity  with  the  new  fleet  of  LCP(L)  MK12  launches  by  310%. 


It  is  important  to  emphasise  that  the  potential  improvement 
factor  of  4.1  (a  310%  increase)  for  fleet  productivity,  is  based  on  a 
limited  period  of  observation  during  the  Oolfe  de  la  Gonave  Survey. 
It  would  be  misleading  to  interpret  this  figure  outside  the  context 
of  this  report  because  of  the  following  specific  conditions  Which 
existed  during  the  Golfe  de  la  Oonave  Survey* 

e  Sea  states  did  not  adversely  affect  attainable  launch  speeds 
or  crew  endurances. 

e  Lengthy  transit  times  were  not  necessary;  therefore,  on-track 
survey  time  available  for  each  launch  was  8  hours  per  day. 

e  Only  48  boat-hours  out  of  a  possible  408  boat  hours,  or  12%, 
were  spent  developing  shoals  at  three  knots. 

e  Survey  speeds  other  than  in  shoal  developments  were  not  ad¬ 
versely  affected  by  slowing  for  hasardous  waters  or  for  the 
effect  of  rapidly  changing  bottom  topography  on  depth  sounder 
operation . 

e  Since  data  requirements  were  primarily  for  shallow  water, 

USNS  HARKNIiSS  did  not  conduct  any  surveying  of  her  own,  and 
could  support  launch  surveys  to  the  maximum  extent. 

4.1.2  Conditions  Affecting  Daily  Mileage 

Tables  III,  IV,  V,  and  VI  suimsarise  the  conditions  which  af¬ 
fected  the  daily  mileage  of  launches  Nundters  671,  672,  674,  and  711, 
respectively. 

4. 1.2.1  Sequence  of  Events 

Launch  No.  671  was  assigned  to  shoal  and  island  surveying 
for  a  significant  asount  of  the  the  observed  period.  This  is  reflect¬ 
ed  in  the  variation  of  survey  miles  during  the  period  14  Hay  through 
18  Hay.  On  the  dates  of  20  May  and  26  May,  the  launch  had  electrical 
problems.  The  crew  corrected  these  problems  at  sea  on  20  Hr/,  but 
were  unsuccessful  in  their  repair  effort  on  26  Nay  and  returned  to 
USNS  HARKNESS  for  repairs  at  the  end  of  the  day. 

Launch  No.  672  operated  in  nonshoal  waters  for  the  ob¬ 
served  period.  The  operation  of  the  launch  was  hampered  by  electrical 
and  electronic  problems  on  the  following  dates*  14  May,  16  Nay,  19 
May,  and  23  May.  On  22  Nay,  no  notes  were  taken  on  the  reason  for  the 
low  mileage.  On  14  May,  minor  problems  with  the  Trisponder  occurred 
throughout  the  day.  On  16  May,  the  launch  was  forced  to  return  to 
USNS  HARKNESS  for  Trisponder  repair  and  was  returned  to  survey  opera¬ 
tions  at  1235.  On  19  May,  the  launch  did  not  leave  USNS  HARKNESS  un¬ 
til  0800  due  to  electrical  problems.  Later  in  the  day,  the  electrical 
system  became  erratic  in  operation.  The  boat  officer  decided  to  turn 
the  air  conditioning  off  and  to  continue  operation  without  air  condi¬ 
tioning.  Tl)e  electrical  syolem  became  inoperative  late  that  after¬ 
noon.  The  crew  attmnpted  to  nrpair  the  electrical  system  without  suc¬ 
cess.  It  was  then  decided  to  return  to  USNS  HARKNESS  for  repairs.  On 


23  Nay#  tha  launch  did  not  survay  until  1300  dua  to  Triapondar  prob- 


Launch  No.  674  was  plaguad  with  alactrical  and  alactronic 
problafM.  Tha  corralatioo  batwaan  tha  t«fo  clasaea  of  problams  was 
ona~to-ona  as  shown  in  Tabla  V#  with  tha  Triapondar  complately  da~ 
pandant  on  an  adaquata  alactrical  systasi.  It  was  found  that  tha  star¬ 
board  aids  of  tha  launch  was  wirad  diffarantly  than  tha  port  sida# 
tha  lattar  not  baing  groundad  to  tha  dynaplata  as  par  ONAM  spacifica- 
tions.  This  fact  %fas  not  discovarad  until  25  Hay.  Anothar  problam 
that  occurrad  is  that  tha  OMAN  ganarator  %fould  ba  loadad  down  by  tha 
air  conditioning  unit  aftar  a  nuaibar  of  hours  of  oparation.  This 
would  drop  tha  AC  voltaga  to  100  volts  rasulting  in  tha  DSF-600  acho 
sounder  rasponding  arratically.  This  «fould  ba  corractad  by  turning 
tha  air  conditioning  off#  tharaby  anabling  tha  AC  voltaga  to  stabi- 
lisa  at  110  volts. 

Launch  No.  711  was  not  daployad  on  20  May  for  ourvaying 
dua  to  tranmaission  problma.  On  23  May  and  24  May,  tha  Triapondar 
positioning  systam  was  tha  Mjor  sourca  of  low  survay  sd-las. 

lha  data  in  Tablas  III,  IV,  V,  and  VI  ara  an  attasqpt  to 
show  sosa  of  tha  conditions  that  affactad  tha  daily  sdlaaga  of  tha 
hydrographic  survay  launchas.  All  conditions  wars  not  notad  bacausa 
thay  %»ara  not  always  of  tha  natura  that  stoppad  a  launch  froai  survay- 
ing  for  a  longar  pariod  of  tiisa.  8aa  statas  that  slowad  tha  launch 
spaad,  tha  oparation  of  tha  Triapondar  tdian  uaad  in  tha  tisM-sharing 
nods,  tha  alactrical  systasi  configuration,  and  tha  cars  and  tasting 
of  tha  wava  guida  on  tha  Triapondar  ara  all  conditions  that  could 
hava  affactad  tha  survaying  oparations. 

4. 1.2. 2  Saa  Stats 

On  16  May,  all  laundhas  wars  daployad  lata  dua  to  high 
saas.  Tha  aoming  of  17  May,  Launch  No.  711  had  to  slow  to  1500  rpsi 
to  collact  data  in  rough  saas. 

4. 1.2. 3  Trispondar  Oparation 

Tha  oparation  of  tha  Trispondar  was  a  factor  that  contrib¬ 
uted  to  low  afficiancy  whan  usad  in  tha  tisM-sharing  ssnda.  Tha  chang¬ 
ing  of  baas  nuabars  and  tha  engaging  of  tha  reset  switch  during  tha 
laundh  oparations  would  sat  tha  stage  for  a  series  of  events.  First, 
tha  display  unit  indicator  light  would  give  an  update  or  no  data  sig¬ 
nal  on  one  of  tha  H.S.L.'s.  Tha  launch  personnel  would  observe  tha 
light  and  change  tha  base  switch  or  engage  tha  reset  switch.  This 
would  causa  tha  rasK>ta  unit  to  try  to  establish  a  new  time-sharing 
saquanca  giving  all  tha  launchas  a  no-data/ update  light.  Second,  tha 
other  launchaa  %#euld  than  attempt  to  establish  a  new  position  fix  by 
changing  their  base  numbers.  This  would  result  in  a  radio  communica¬ 
tion  from  tha  launchas  to  tha  ship  about  Triapondar  problams.  This 
would  generally  go  on  for  a  few  minutes  before  tha  launch  operators 
would  st<^  changing  base  nuabars  or  resetting  tha  display  unit. 
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4. 1.2.4  HIV*  QuldM 


Th«  car«  of  th«  Trlspondor  wav*  guida  connaction  and  the 
antaana  on  tha  naatar  unit  is  an  axaa  of  concam.  At  night*  tha  an- 
tanaa  was  rcaoaad  from  tha  aastar  unia  and  tha  %rava  guida  can  of  tha 
oiastwr  unit  was  eovared  with  a  looaa  placa  of  plastic  to  he^  nois- 
tora  out.  Tha  aastar  unit  was  thM  placad  insida  tha  launch  for  tha 
nif^*  thou^  aonatinaa  it  was  takun  into  tha  shop.  Tha  cabins  on  tha 
lawMdiM  wars  not  sacurad  from  tha  saa  anvironiiant  dua  to  laaks  in 
tha  cabin  araa.  Also*  tha  laoncdi  air  conditioning  systans  wars  not 
run  at  ni^t.  This  allowad  anistura  to  gat  into  the  cabin  and  into 
tha  wava  guide  cavity.  Sosw  of  tha  antennas  had  noticaabla  dings  and 
minor  twists.  All  of  these  conditions  can  be  expected  tc  change  the 
electrical  inpadanca  dharactaristics  of  tha  antMuia*  resulting  in 
inafficiant  loading  of  tha  antwina  by  tha  transmitter  or  reiduction  of 
tha  antenna's  efficiency  for  racaiving.  In  axtraaa  cases*  these 
changes  in  tha  antenna's  electrical  characteristics  could  produce 
damage  to  the  tranaadttar.  Tharatore*  tha  antennas  should  have  bean 
Checkad?  this  could  not  be  dona  dua  to  lack  of  micresrava  test  a<iuip- 


4. 1.2.5  Ground  Systasw 

Ground  systesM  most  normally  be  designed  so  that  large 
ground  currants*  soCk  as  from  tbs  ground  of  tha  OBIdi  ^narator*  do 
not  indnea  noise  voltages  in  tha  outlets  used  for  sensitive  alactron- 
ic  aquipsmnt.  This  normally  raguiras  tha  use  of  separate  wires  for 
the  growttds  of  ganarat<»rs  and  the  grounds  of  instruments.  A  standard 
ground  system  should  be  considered  in  relation  to  tha  typos  of  equip- 
BNSkt  baii^  inatallad  in  tha  d.S.L.  *a.  Prsaantly,  tha  ground  design  in 
each  R.8.L.  is  diffarmnt  and  c«ild  present  s  problem  %/han  nois»^<' 
sensitive  aquipsKmt  is  ins  tailed.  Tha  uaa  of  series*  parallel*  and 
mmltipoiat  ground  oonnactions  ars  used*  depending  on  tha  locaticm  of 
tha  aquipnsnt  and  tha  dynaplatas.  In  tha  ease  of  Launch  Wo.  674*  a 
definite  deterioration  in  parfomancs  of  tha  Trispondar  was  noted; 
tha  Trispondar  problan  cleared  up  once  tha  grounding  was  corrected. 

4.2  8PBBD  ALONG  TRACK 

Spaed  along  track  ia  affected  by  tha  top  spaed  of  tha  platform* 
sonar  limitations*  shosl  araa  development  raquiramanta*  and  environ¬ 
mental  factors  su^  as  wind  and  saa. 

■AVOCBAMO  has  taken  a  major  step  forward  in  tha  araa  of  top 
platform  spaed  by  adopting  tha  LCP(L}HK  12  as  a  survey  launch*  Which 
has  a  top  spaed  of  17  knots.  This  will  affect  spaed  along  track  only 
to  tha  extant  that  tha  survey  apaad  of  tha  launch  is  not  limited  by 
tha  design*  construction*  and  installation  of  tha  sonar.  In  this  ra- 
apact*  tha  design  of  tha  transducer  housing  and  its  location  and  in¬ 
stallation  on  the  hull  srs  of  critical  importance.  In  addition*  the 
laun^  must  operate  with  a  level  trim  so  as  to  keep  the  transducer  in 
the  %#star  a  1  claer  of  bubbles. 
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Launch**  nust.  run  slowly  in  shoal  arsas  for  -saCsty  rsaaons.  How 
slowly  and  for  how  loi\g  can  bs  ijapactod  by  Itsme  such  as  coxswain's 
visibility  and  th*  availability  of  obstacls  avoidance  sonars. 

4.3  LIME  SPACXKO 

Th*  choice  of  line  spacing  is  based  on  a  consideration  of  the 
depth  and  character  of  ^he  bottosi*  the  purpose  of  the  survey,  and 
policy  regarding  percentage  of  bottosi  coverage.  If  side-scan  sonars, 
sector-scan  sonars,  ssiltibeasis,  or  any  other  sonar  capable  of  detect¬ 
ing  navi«^tion  hasards  or  stahing  soundings  between  survey  lines  be- 
cosM  available,  the  sssath  width  of  the  sonar  will  aleo  be  a  consider- 
atimi. 

With  existing  technology,  line  spacing  is  a  coag>roeiise  between 
the  ideal  of  100%  navigation  safety  and  the  econoadc  necessity  of 
conpleting  a  survey  with  lisdted  tijse  and  resources.  For  *xaag>le,  if 
20  SI  deep  water  is  surveyed  with  a  depth  sounder  with  a  20*  conical 
beasi,  and  line  spacing  of  125  ■  is  used,  less  than  6%  of  the  bottcm 
will  be  searched.  Thus,  there  is  soaw  risk  that  a  wreck  or  other  nav¬ 
igation  haxard  between  survey  lines  will  not  be  detected.  On  the 
other  hand,  tightening  up  line  spacing  to  insure  that  the  entire  sea¬ 
bed  is  examined  will  increase  the  survey  tiorkload  by  a  factor  of  17, 
which  is  clearly  not  practical.  Side-scan  sonars  have  the  capability 
of  detecting  navigation  hMards  betweM  survey  lines.  However,  their 
use  is  not  always  econosdcal  because  they  lisiit  the  speed  of  advance 
of  the  survey  laundh. 

5.0  iiLTBlMhTE  AFPEOkCHES 

The  three  amjor  coag^'ments  of  launch  productivity  have  previous¬ 
ly  been  described  ast  T^  percent  of  time  that  tiie  launch  is  fully 
operational  and  on  a  survey  track,  th*  speed  of  advance  of  the 
laimch,  and  the  spacing  between  survey  lines. 

Four  alternate  strategies  for  increasing  launch  productivity 
which  will  be  discussed  arei 
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e  Us*  multibeam  sonars  to  increase  th*  line  spacing. 

e  Use  side-scan  or  sector-scan  sonars  to  permit  more  coaqplete 
coverage  of  the  sea  floor. 

e  Minimise  the  limitation*  on  launch  survey  speed  imposed  by 
the  depth  sounder. 

e  Increase  the  reliability  and  maintainability  of  all  launch 
systems  so  as  to  maxiBd.se  the  time  that  the  launch  is  fully 
operational  and  actually  acquiring  data. 

5.1  MULTIBEAM  SOWARS 

A  variety  of  multibeam  sonars  has  been  proposed  to  perform  the 
coastal  hydrographic  surveying  mission  (Purvis  Systems,  Inc.,  1981). 
These  systems  take  soundings  with  a  multiplicity  of  narrow  beams  ar¬ 
ranged  in  a  downward-directed,  athwartships-oriented  fan.  Slant 
ranges  to  the  bottom  are  measured,  and  the  measurements  are  converted 
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to  tttlMfortships  di«tanc«  and  dapth.  Usually*  the  data  is  prasantad  in 
coatour  strip  cdiart  fonsat  and  racordad  on  itagnatlc  tapa  for  addi> 
tional  prooaaslng  on  sliora  or  on  tha  sothar  ship.  Sines  multihaam 
aoho  soundars  typically  acquira  16  to  40  dapth  soundings  par  sonar 
ping*  thay  produca  substantial  quantitias  of  data.  Tha  rasulting  data 
procassing  raquirsnsnts  ara  non'-trivial . 

Tha  graatast  s%#ath  %rid^h  proposad  by  any  of  tha  manufacturars 
discuasad  in  tha  Purvis  rap'irt  «iac  120* .  Figura  1  shows  tha  swath 
width  which  could  ba  aehiavad  by  such  a  systan  as  a  function  of 
d^th.  For  cosiparison*  Figura  1  also  shows  tha  llna  spacing  usad  by 
■08  and  by  KhVOClNiO.  HOfi  lina  spacing  for  harbors  and  rastrictad 
araas  (subh  as  bays*  passagas*  channals*  and  rJv>ars)  was  takan  from 
tha  NOS  "Hydrographic  Manual*"  Fourth  Edition*  1976*  paragraph 
4*3. 4.1.  MOS  lina  spacing  for  smooth  bottom  along  opan  coasts  was 
tahwk  frosi  paragriqph  4. 3.4.2  of  tha  saaa  docuswnt.  NAVOCEhHO  line 
spacing  for  1>50*000  and  It  100* 000  seals  survays  was  takan  from 
Projact  Instruction  Mo.  8/Ar^iva  Mo.  825018/HAITI.  HAVOCEANO  lina 
spacing  for  Is 25* 000  seals  survays  was  takan  frost  massage  traffic  to 
OCUHIT  FIVE*  U8HS  HARKIIB8S  (T-A08-32)*  during  March  1982. 

Figura  1  shows  that  HOS  and  HAVOCEAIK)  normally  survey  at  lina 
spacings  that  ara  greater  than  tha  swath  width  of  a  stata-of-tha-art 
multihaam  sonar.  Tha  only  exertion  is  tha  relatively  narrow  range  of 
145  to  200  m  d^th.  TTiarafora*  a  analtibaam  with  a  120*  swath  width 
will  not  permit  full  coverage  surveying  at  track  spacings  greater 
than  currant  practice. 

If  a  multibaam  sonar  was  usad  in  c<mi junction  with  a  lina  spacing 
of  750  m*  tha  unsurvayad  area  batwaan  lines  would  ba  lass  than  500  m 
for  depths  batwaan  75  and  200  m.  This  500  m  gap  should  ba  accaptabla 
if  a  500  m  lina  spacing  is  acceptable  When  singla^baam  dapth  soundars 
ara  uaad  in  tha  seam  range  of  depths.  Thus*  multibaam  sonar  tachnolo** 
gy  would  support  a  50%  incraasa  in  lina  spacing  for  depths  batwaan  75 
and  200  m*  or  a  100%  increase  in  lina  spacing  for  depths  bat%faan  145 
and  200  m.  This  is  a  vary  lifted  potential  for  impruvaamnt.  Any  fur¬ 
ther  incraasa  in  lina  spacing  would  require  a  major  advance  ir  multi¬ 
baam  aonar  technology  to  incraasa  tha  angular  swath  width  beyond 
120*. 

Maltibaam  sonars  could  perform  the  function  of  detecting  naviga¬ 
tion  hasards  bat«#aan  normal  survey  tracks.  This  would  enhance  the 
navigation  safety  which  would  result  from  tha  survey  effort*  and 
would  therefore  contribute  to  productivity  in  tha  broad  sense  of  the 
tarn.  However*  the  ability  of  tha  multibaam  sonar  to  measure  depth 
quantitatively  at  a  distance  is  not  essential  for  this  function. 

Multibeam  sonars  could  also  make  a  contribution  to  mapping  the 
perimeters  of  hasardous  areas.  However*  their  performance  in  this 
area  would  be  severely  limited  by  the  120*  angular  swath  width  which 
represents  tha  present  state  of  the  art. 

The  electronic  portions  of  existing  multibeam  sonars  are  physi¬ 
cally  too  large  to  install  on  NAVOCEANO's  36  foot  survey  launches. 
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R«c«nt  adVM»c««  in  •Inctronic  technology  ere  eveileble  to  eubetan-* 
tieily  reduce  the  nise  of  these  electronic  units*  The  effort  «iuuld  be 
nontrivial*  and  considerable  thought  vould  have  to  be  given  to  relia¬ 
bility*  snintainability*  and  husnn  engineering  factors  because  of  the 
cosiplexity  involved.  The  benefits  «d\ich  «#ould  result  from  such  an 
effort  are  questionable. 

5.2  8IDB-SCAM  AND  SECTOR-SCAM  SONARS 

Side-scan  sonars  and  sectcr-acan  sonars  represent  a  class  of 
hydrographic  instrussints  %dkich*  in  their  present  state  of  develop-* 
■ent*  produce  imagery  of  the  sea  floor  rather  than  quantitative  depth 
soundings.  It  is  assusMtd  that  their  use  during  routine  surveying  op¬ 
erations  will  not  serve  as  a  justification  for  increased  line  spac¬ 
ing*  at  least  until  considerable  advances  have  been  made  in  the  proc¬ 
essing  and  interpretation  of  their  data.  Therefore*  their  contribu¬ 
tion  to  launch  productivity  must  come  from  their  uoe  for  detection  of 
navigati<»i  haaards  between  survey  lines*  mapping  the  perimeters  of 
haaardous  areas*  and  reconnaissance  and  survey  planning. 

Side-scan  and  sector-scan  sonars  have  considerable  potential  for 
the  aforeswntioned  uses  provided  thatt  (a)  their  use  does  not  inter¬ 
fere  with  acquisition  of  soundings  by  requiring  the  launch  to  slow 
down*  (b)  appropriate  displays  are  provided*  (c)  the  data  is  recorded 
in  a  format  Which  makes  it  available  and  useful  to  the  NAVOCEANO  data 
analysts  aboard  the  mother  ship*  and  (d)  the  equipment  is  human- 
engineered  for  the  NAVOCBAMO/DMA  operational  scenario. 

Before  discussing  the  side-scan  and  sector-scan  sonars  separate¬ 
ly*  it  is  appropriate  to  mention  some  of .the  acoustic  characteristics 
whi<di  support  their  use  for  navigation  haaard  detection*  mapping  the 
perJ.meters  of  hasardous  areas*  and  reconnaissance.  First*  they  trans¬ 
mit  sound  in  beams  that  are  fan-shaped  and  extend  from  near-vertical 
to  near-horisontal*  or  approxiMtely  conical  beams  which  can  be 
pointed  in  near-horisontal  directimis.  Therefore*  their  range  is  not 
severely  limited  by  water  depth  as  in  the  case  of  multibeam  sonars. 
Also*  they  distinguish  between  objects  at  different  distances  from 
the  launch  by  means  of  the  arrival  time  of  the  echo  rather  than 
through  beamforming.  Therefore*  they  have  greater  spatial  resolution 
in  at  least  one  direction  and  consequently  greater  ability  to  detect 
ssmll  navigation  hazards  such  as  %rrecks. 

5.2.1  Side-Scan  S<mars 


Side-scan  sonars  manufactured  by  Klein*  EGAG*  and  Edo  Western 
have  tow  fish  Which  are  typically  48  to  66  inches  in  length*  wei^t 
48  to  75  pounds  in  air*  and  have  horisontal  beasmridths  of  0.2  to 
1.5*.  ClaisMd  swath  widths  vary  from  50  to  1200  m*  depending  on  the 
particular  sodel.  The  actual  range  of  any  given  model  will  depend  on 
bottom  conditions*  thermal  gradients  in  the  water*  bubbles  in  the 
water*  and  sources  of  outside  interference. 


All  of  these  units  are  capable  of  producing  imagery  that  clear¬ 
ly  delineate  wrecks*  probable  shoals*  and  (for  the  higher  resolution 
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units)  pilings*  providsd  thsy  srs  towsd  slowly  snough.  Msnufactursrs ' 
brodhurss  s<Mssti»ss  clsisi  towing  spusds  up  to  16  knots*  but  this  re¬ 
fers  to  tow  fish  stability.  If  an  attsMpt  wars  mads  to  utilise  these 
side-scan  sonars  by  towing  them  rapidly  from  the  survey  launches*  the 
following  prbblMs  would  occur  t  (a)  The  tow  fish  would  ride  aft  of 
the  I'&unch  by  nearly  the  full  length  of  the  tether,  (b)  It  would  be 
diffi. jlt  to  ascertain  exactly  Where  the  tow  fish  was  located  during 
data  analysis  because  of  the  length  of  its  tether,  (c)  The  tow  fish 
would  sink  if  the  launch  slowed  down  to  avoid  grounding  on  a  shoal; 
this  would  be  an  undesirable  tisM  to  have  the  tow  fish  sink,  (d)  Ex¬ 
tra  line  handling  to  avoid  the  previous  problem  liould  complicate  op¬ 
erations*  (e)  Gaps  in  the  data  %fould  result  from  the  conA>ination  of 
narrow  horisontal  beamwidth  and  high  speed. 

Variable  Depth  Sonars  (VDS's)  on  destroyers  can  be  towed* 
launched*  and  recovered  at  very  high  speed.  However*  the  deck  equip¬ 
ment  required  to  handle  this*  including  winches  capable  of  handling 
the  rigid  fairings  on  the  tow  chains*  is  nmssive.  Therefore*  VDS 
technology  is  not  likely  to  lead  to  an  acceptable  solution  to  the 
speed  pr<^lem  on  survey  launches. 

The  gaps  in  the  data  can  be  understood  by  considering  a  hypo¬ 
thetical  side-scan  sonar  towed  from  a  20-knot  platform  (assuming*  for 
the  sake  of  discussion*  that  the  skschanical  towing  problems  could 
somshow  be  solved) .  If  this  sonar  were  designed  for  a  s«mth  width  of 
250  a*  the  sdniiim  pulse  repetiti<m  period  %s»uld  be  0.23  seconds* 
which  is  the  round  trip  travel  time  for  sound.  Good  record  clarity 
and  high  detection  probability  requirements  would  make  it  desirable 
to  look  at  each  reflection  5  times.  At  extreme  range*  this  would 
require  1.67  seconds*  during  which  tism  the  platform  would  advance 
17.2  a.  Keeping  this  target  within  the  beam  for  5  successive  pings 
would  therefore  require  a  horisontal  beamwidth  no  less  than  3.9*. 
Along-track  resolution  «fould  be  proportionately  degraded.  By  compari¬ 
son*  an  off-the-shelf  side-scan  sonar  with  a  1.5*  beamwidth  would 
only  look  at  each  target  (at  extresw  range)  an  average  of  1.9  tisws* 
and  gaps  in  the  data  would  appear  at  ranges  less  than  approximately 
130  m. 


If  the  tow  fish  were  towed  by  a  very  short  tether  (possibly  off 
the  bow)  or  were  rigidly  fastened  to  the  hull  of  the  launch  to  avoid 
or  reduce  the  high-speed  towing  problems  discussed  above*  it  would 
pitcdi  and  yaw  in  response  to  the  BK>tions  of  the  launch.  This  would 
require  an  even  wider  beam  or  Motion  cosqtensation  by  either  electron¬ 
ic  or  mechanical  beam  steering.  The  motion  Hoasurement  package  would 
be  located  in  the  launch  if  the  sonar  was  hull-mounted*  but  would 
have  to  be  located  in  the  fish  if  it  were  towed  on  a  short  tether.  In 
either  case*  we  are  talking  about  a  sonar  that  is  substantially  more 
coHq>lex  than  the  ccmventional  off-the-shelf  side-scan  sonar. 

To  summarise*  the  goal  of  operating  a  side-scan  sonar  on  a 
launch  at  20  knots  leads  very  quickly  into  complexity.  The  trade-off 
is  between  mechanical  complexity  and  electronic  complexity.  The  al¬ 
ternative  of  towing  slowly  with  a  very  long  range  side-scan  sonar 
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iMda  to  high  sansitlvlty.  to  tharmal  gradianta  in' tha  vatar  in  coast¬ 
al  araaa  (Moaa*  1982).  ^tia  ocaanographic  affort  to  aupport  thia  would 
divert  n«npowar  from  tha  priaairy  hydrographic  miaalou. 

5.2.2  Sactor-Scan  Sonara 

Sactor~acan  aonara  ara  active  aonara  Which  acan  tha  aaa  floor 
in  aaimtiith  and  diaplay  a  plan  view  of  tha  area  acannad  on  a  cathoda 
ray  tuba  (cm*)  acraan.  Edo,  Anatah^Straaa.  and  Waamar  have  markatad 
thia  typa  of  aonar  aa  obatacla-avoidanca  aonara. 

5. 2. 2.1  Ideal  Charactariatica 

For  operation  on  a  high~npaad  aurvay  launch,  the  ideal 
aactor-acan  aonar  would  have  the  following  characterlatica t 

a  Siaall  hull-aountad  tranaducar  to  reduce  drag  and  minimise 
flow  noiaa  and  tha  a ignal ’-quenching  af facta  of  bubblea. 

a  Low  coat. 

a  Eaay  to  interpret  diaplaya. 

a  Data  recording  capability  aupportad  by  aimpla  playback  equip- 
a»nt  onboard  tha  mother  ahip.  Hardcopy  generation  on  playback 
aa  an  option. 

a  Rapid  acanning  to  miniadaa  apaad-ralatad  image  distortion, 
minimise  launch  amtion  coaqpansation  raqulramants,  and  maxi- 
adaa  tha  nuaibar  of  looks  at  each  target. 

a  Sufficiently  vide  beam  to  avoid  gaps  in  data  at  high  speed. 

a  Eaay  to  operate  and  isaintain. 

5. 2. 2. 2  Advantages 

A  aactor-acan  aonar  with  these  characteristics  would  have 
tha  following  advantages! 

a  Tha  area  between  survey  lines  could  be  sco.r  ned  for  navigation 
hasards  without  reducing  the  launch's  survey  speed. 

a  Targets  detected  between  survey  lines  could  be  investigated 
in  sK>re  detail  without  deviating  from  the  survey  line  by 
concentrating  the  scanning  in  the  direction  of  the  detected 
target . 

e  The  sonar  could  be  used  for  obstacle  avoidance,  thereby  in¬ 
creasing  both  the  speed  and  the  safety  of  shoal  area  develop¬ 
ment. 

e  The  perimeters  of  hasardoua  areas  could  be  mapped  without  the 
deck  operations  or  maneuvering  restrictions  of  towed  side- 
scan  aonar. 

e  Side-acan  sonar  operation  would  also  be  available. 

e  Hardcopy  output  printed  on  the  mother  ahip,  if  printed  to  the 
same  scale  as  the  transparent  boat  sheets,  would  be  eaay  to 
use  as  a  reasonableness  check  on  the  data  and  contours. 
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5*2*2. 3  CoMMrclally  Available  Sector^Scan  Sonars 

Several  connerclally  available  sector-scan  sonars  are 
shown  in  Table  VII.  The  characteristics  of  these  sonars  will  be 
briefly  cosipared  with  the  ideal  characteristics  discussed  above  t 

The  Wesmar  units  have  the  thinnest  soundheads.  Because  of 
their  high  length-to-width  ratio*  they  can  protrude  well  into  the 
water  so  as  to  reach  the  undisturbed*  relatively  bubble-free  portion 
of  the  flow  stream.  The  Edo  and  Ametek-Strasa  soundlieads  are  mv'ch 
wider  and  are  less  compatible  with  good  hydrodynamic  design  on  a 
high-speed  survey  launch. 

The  Edo  unit  and  the  Ametek-Strasa  Model  250A  need  domes 
to  protect  the  exposed  mechanisms  from  damage  from  the  water  flow 
since  they  were  designed  for  slow-moving  submersibles.  The  Wesraar 
units  are  equipped  with  hoist  mechanisms  which  cun  retract  the  sound- 
head  into  the  hull  to  reduce  drag  when  the  launch  is  transitin'*^'  or  to 
prevent  damage  When  the  launch  is  being  hoisted  aboard  the  mother 
ship.  Consequently*  they  need  sea  chests.  Fairing  requirements  will 
be  minimal  if  t%#o  Wesmar  units  are  used  on  each  launch  to  scan  the 
port  and  starboard  sectors*  respectively.  Engineering  efforts  will  be 
required  to  synchronise  the  t%ro  units  and  to  avoid  mutual  interfer¬ 
ence.  If  only  one  unit  is  used*  the  sea  chest  will  have  to  be  extend¬ 
ed  into  the  water  sufficiently  to  give  the  soundhead  a  clear  view 
under  the  keel  when  extended}  this  will  induce  drag. 

The  Wesmar  units  have  a  decided  coat  advantage  even  if  two 
units  are  used.  The  price  has  to  be  kept  low  because  Wesmar  markets 
these  units  to  commercial  fishermen.  Modifications  to  the  video  proc¬ 
essor*  in  the  form  of  microprocessor  code*  would  be  needed  to  enable 
the  unit  to  cope  with  the  high  launch  speed*  but  it  is  anticipated 
that  these  costs  would  be  priiv*rily  develofsnental .  The  price  of  the 
Wesmar  units  includes  soundhead*  Uoirt  unit*  electronics*  cind  video 
monitor . 


The  Edo  and  Wesmar  units  have  video  processors  whi.ch  can 
produce  a  flicker-free  display  that  is  much  easier  on  the  operator 
than  conventional  «onar  ditiplays  Which  flicker  at  the  scan  rate.  The 
AsMtek-Strasa  units  partially  compensate  by  means  of  a  faster  scan 
rata.  The  Wesmar  unit  has  a  Citlor  display  that  makes  contrast  differ¬ 
ences  much  easier  for  the  operator  to  see.  The  Edo  and  Wesuiar  units 
would  exhibit  an  image  distortion  I'elatsd  to  a  discrapancy  between 
the  relatively  slow  scan  rates  of  the  sonars  and  the  relatively  fast 
(20  knots)  upeed  of  the  s  irvey  launch.  This  would  require  some  micro¬ 
processor  code  plus  a  speed  input. 

Recording  and  playback  equipment  woulct  have  to  be  special¬ 
ly  configured  fpr  the  Ametek-Strasa  units.  The  video  processors  in 
the  Edo  and  WesMr  unl..s  would  enable  standard*  mass-produced  video 
cassette  recorders  and  video  monitors  to  be  used  for  this  purpose  at 
a  considerable  saving  in  cost  and  complexity.  Also*  Image  Resource 
Corporation  markets  a  device  «diich  produces  hardcopy  images  from 
video  signals;  such  a  device  could  be  used  to  produce  hardcopy  upon 
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pl&yb*ck  on  th«  mothor  ship  If  d«slr«d*  Polaroid  praviawed  another 
such  device  at  the  recent  National  Computer  Conference  in  Houston, 
Texas . 


Ana  tek-Strasa  is  clearly  in  the  lead  in  the  area  of  scan 
rate,  because  they  use  continuous  Transmission  Frequency  Modulation 
(CTFN) .  CTFM  is  a  modulation  technique  which  permits  the  transmitter 
and  receiver  to  operate  continuously  rather  than  in  a  pulead  mode.  As 
a  result,  it  is  not  necessary  to  wait  for  a  pulse  to  travel  the  full 
round  trip  distance  to  the  most  distant  range  for  eaclt  few  degrees  of 
beam  motion.  The  beam  can  be  scanned  as  rapidly  as  the  mechanical  or 
electronic  beam  steering  mechaninn  will  allow.  In  the  case  of  the 
Ametek-Strasa  Model  300  SWAP,  electronic  beam  steering  permits  a  vir¬ 
tually  instantaneous  scanning  rate  so  that  a  120*  scan  can  be  obtain¬ 
ed  within  a  single  range  resolution  cell.  They  call  this  mode  of  op¬ 
eration  Scan  Within  A  Pulse  (SWAP). 

The  6.5*  horisontal  beamwldth  of  the  Wesmar  Model  SS265 
appears  to  be  a  good  compromise  bet%ireen  resolution  and  probability  of 
detection;  at  20  knot  speed,  each  target  at  maximum  range  can  be  in- 
sonified  8  times.  Its  angular  resolution  is  leas  than  that  of  the  3* 
beam  Ametek-Strasa  units  which  are  not  capable  of  5  ensonifications 
of  an  athwartshlps  target  at  20  knots,  but  greater  than  any  of  the 
other  Wesmar  units.  The  Wesmar  soundhead  is  roll  and  pitch  stabi¬ 
lised. 

The  Wesmar  unit  has  the  most  compact  electronics.  The  to¬ 
tal  electronic  package,  TV  monitor  not  included,  occupies  3  Inches  of 
standard  19-inch  rack  space.  Wesmar  markets  this  unit  to  commercial 
fisheriMin  and  therefore  has  the  motivation  to  make  it  simple  to  oper¬ 
ate  and  maintain.  Field  testing  will  be  needed  to  determine  how  sim¬ 
ple  it  is  in  reality. 

The  Ametek-Strasa  Model  300  SWAP  is  limited  to  a  120* 
sector-scan.  The  Ametek-Strasa  Model  250A  can  scan  a  90*  (;f45*)  sec¬ 
tor  or  full  360*  scan.  The  Edo  and  Wesmar  units  have  many  options, 
including  a  180*  sector  (+90’),  which  may  be  optimum  for  detectlrn  of 
navigation  hasards  between  survey  lines  (with  one  sonar) . 

In  summary,  the  Wesmar  sector-scan  sonars  appear  to  have 
all  of  the  characteristics  of  an  ideal  sector-sunn  sonar  except  for 
the  rapid  scan  rate.  The  Ametek-Strasa  Model  300  SWAP  has  the  highest 
rate  by  a  wide  margin  because  of  the  CTFM  mode  of  operation  combined 
with  electronic  beam  steering;  it  is  also  expensive.  The  ideal 
sector-scan  sonar  would  combine  the  best  features  of  both  of  these 
units. 

The  Wesmar  sonars  could  be  adapated  for  a  rapid  scan  rate 
by  means  of  the  following  rather  extensive  modifications t 

e  Replace,  rewire,  or  modify  the  motor  in  the  soundhead  to  pro¬ 
vide  a  faster  mechanial  transducer  motion, 

•  Add  a  second  omnidirectional  transducer  to  permit 
simultaneous  transmission  and  reception. 
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•  Incr«as«  th«  stroka  of  the  hoist  mechanism  -as  required  to 
acconnodata  any  increase  in  the  length  of  the  soundhead  (un¬ 
less  the  secor  *  transducer  is  mounted  separately  on  the 
hull)*  and 

e  Re-design  the  transceiver  portion  of  the  electronic  unit  for 
operation  in  the  CTFM  mode. 

A  less  ambitious  alternative  would  be  to  modify  the  Wesmar 
sonar  for  high-speed  operation.  As  presently  programn>od,  image  dis¬ 
tortion  would  result  from  the  diswrepancy  between  the  scan  rate  and 
the  hi^  speed  of  survey  launches.  For  example*  if  the  sonar  is  set 
to  a  range  of  300  m*  the  scan  rate  will  be  10*  par  second.  Thus,  it 
will  scan  a  180*  sector  in  18  seconds.  During  this  time*  the  20-knot 
launch  will  advance  a  total  of  180  m*  which  is  30%  of  the  diameter  of 
the  semicircle  scanned.  This  distortion  can  be  corrected  by  modifying 
the  sonar's  microprocessox  program,  (possibly)  adding  a  small  amount 
of  memory*  and  providing  a  speed  input.  This  speed  input  could  be 
shaft  turns*  a  knob  adjusted  by  the  operator*  or  (preferably)  an  in¬ 
put  from  the  navigation  unit.  This  effort  should  be  preceded  by  in- 
water  tests  at  slow  speed  to  assess  the  performance  of  the  sonar  and 
the  utility  of  the  data  collected. 

5.3  LIMITS  ON  SURVEY  SPEED  IMPOSED  BY  THE  DEPTH  SOUNDER 

The  Launch  No.  711  on  USNS  HARKNESS  was  unable  to  survey  at  20 
knots  despite  its  ability  to  physically  move  that  fast.  Satisfactory 
depth  sounder  operation  required  a  slower  speed  around  12  knots.  It 
is  In^rtant  to  point  out  that  depth  sounder  performance  is  critical¬ 
ly  affected  by  the  location  and  method  of  installation  of  the  trans¬ 
ducers*  the  shape  and  sice  of  the  dome  or  fairing  which  (hopefully) 
deflects  bubbles  away  from  the  transducer*  the  smoothness  and  shape 
of  the  hull  forward  of  the  transducer*  and  trim  of  the  launch  when  it 
operates  at  speed.  Therefore*  "depth  sounder  performance"  does  not 
only  refer  to  the  performance  of  the  electronic  unit  supplied  by  Ray¬ 
theon. 


The  sonar  performance  on  Launch  No.  711  appears  to  be  the  result 
of  two  factors!  (a)  a  reported  trim  tab  problem  that  results  in  the 
launch  riding  bow  high  causing  the  transducer  to  ride  too  close  to 
the  water’  surface;  and  (b)  a  smooth  blister  type  of  transducer  fair¬ 
ing  that  allows  bubbles  to  cross  the  face  of  the  transducer  causing 
noise  and  quenching  the  signals. 

Te[Sts  on  the  700  class  of  survey  launch  performed  by  NAVOCEANO 
(Marshall  and  Barnes,  1979)  have  demonstrated  that  extension  of  the 
transducers  5.5  inches  below  the  hull  would  substantially  improve  the 
sonar  performance  and  would  permit  operation  at  18  knots  in  depths  of 
220  to  270  meters  and  at  the  maximum  speed  of  20  knots  in  shallow 
water.  The  test  data  implied,  but  did  not  prove,  that  use  of  exten¬ 
sions  of  less  than  5.5  inches  would  be  likely  to  produce  marginal 
results.  Also,  review  of  the  analog  records  published  by  Marshall  and 
Barnes  (1979)  indicates  that  the  quality  of  the  digital  data  would 
depend  even  more  critically  on  extension  of  the  transducer. 


It  is  ••••ntial  that  tranaducara  on  the  LC^(L)  MK  12  launchaa 
ba  axtandad  from  tha  hull  or  otharwiaa  ba  piotactad  from  tha  bubbla 
atraam  by  a  proparly  daalgnad  fairing  if  raliabla  dapth  sounder  oper¬ 
ation  at  high  spaed  is  desired. 

Whan  transducers  or  fairings  are  ext- ended  from  tha  hull  of  high 
spaed  launchaa  that  don't:  have  deep  shags  to  protect  tha  transducers 
fr<XB  grounding,  a  braah-away  type  of  attachment  is  racommandad.  In 
tha  event  of  an  accidental  grounding,  tha  transducer  or  fairing 
should  braah  away  from  tha  hull  leaving  tha  hull  intact. 

5.4  INCREASING  RELIABILITY  AND  MAINTAINABILITY 

Reliability  and  maintainability  are  complex  issues.  Various 
launch  subsystems  such  as  instrumentation,  power,  grounding,  and  air 
conditioning  interact  and  affect  each  other's  performance.  Also, 
raliability  and  maintainability  involve  an  interaction  of  hardware 
and  people.  Thus,  reliability  and  maintainability  problems  have  what 
one  might  call  (for  want  of  a  better  word)  a  people  dimension  as  well 
as  a  technical  dimension. 

The  people  dimension  of  the  reliability/maintainability  problem 
is  more  difficult  to  write  about  than  the  technical  dimension  because 
one  runs  the  rlsX  of  being  perceived  as  critical  of  the  personnel  or 
of  the  management  system  which  determines  their  working  conditions. 
Therefore,  it  is  important  to  emphasise  that  the  authors  are  attempt- 
^  ng  to  formulate  a  technical  contribution  to  the  solution  of  a  com¬ 
plex  problem,  and  that  they  believe  it  is  Important  to  understand  the 
people  dimension  of  the  problem  in  order  to  do  so. 

The  technical  dimension  of  the  problem  has  already  been  discus¬ 
sed.  Observations  during  May  1982  indicated  that  substantial  amounts 
of  survey  time  were  being  lost  due  to  technical  difficulties  with 
Trisponder  navigation  units,  launch  electrical  subsystems,  and  launch 
grounding  subsystems. 

The  electrical  and  grounding  problems  were  complicated  by  a  lack 
of  documentation r  this  in  turn  placed  demands  on  the  OCUNIT  personnel 
for  detailed  knowledge  of  the  subtle  effects  of  the  wiring  of  the 
power/groundlng  system  on  the  performance  of  the  instrumentation  con¬ 
nected  to  it.  The  Trisponder  problem  was  complicated  by  lack  of  suf¬ 
ficient  instrumentation  and  procedures  to  assess  the  unit's  readiness 
for  survey.  (For  example,  there  was  no  radio  frequency  testing  capa¬ 
bility,  yet  some  of  the  units  had  physical  damage  of  a  type  that  of¬ 
ten  knocks  transmitters  and  receivers  out  of  adjustment.)  Another 
complication  was  the  tendency  of  the  air  conditioning  unit  to  load 
down  the  ONAN  generator  causing  a  reduction  in  AC  line  voltage  and 
frequency,  which  in  turn  alters  the  characteristics  of  the  instrumen¬ 
tation.  All  of .these  factors  complicate  the  job  of  the  OCUNIT  per¬ 
sonnel  and  create  a  demand  for  detailed  knowledge  of  a  type  usually 
acquired  through  specialised  experience  supplemented  by  specialised 
training . 
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Th«  launches  and  their  equlpuent  are  operated  and  maintainod  by 
military  personnel  who,  during  the  period  they  were  observed  by  the 
authors,  appeared  to  be  both  competent  and  motivated  to  do  a  good 
job*  However,  they  find  themes Ives  in  a  worX  situation  Where  much  is 
dmanded  of  them  in  terms  of  specialised  knowledge  in  an  area  where 
they  have  very  little  training.  Their  short  tours  of  duty  work 
against  acquisition  of  very  much  specialised  training,  and  they  are 
not  on  the  job  long  enough  to  fully  exploit  the  specialised 
experience  which  they  do  acquire.  The  authors  assume  that  increasing 
their  tour  of  duty  is  not  feasible.  Therefore,  it  is  important  to 
find  a  technological  means  of  simplifying  the  demands  of  their  work 
situation. 

h  major  asset  of  the  surveying  effort  is  the  availability  of 
HAVOCfihNO  civilian  survey  personnel  to  provide  continuity.  These 
MAVOCBAMO  personnel  have  experience  with  measurement  (in  the 
scientific  rather  than  the  electronic  sense  of  the  word)  plus  a  very 
strong  motivation  to  insure  that  any  data  submitted  to  DMA  is 
correct.  This  is  evidenced  by  the  fact  that  each  step  of  their  data 
analysis  process  is  double-checked  by  separate  people. 

The  OCUMIT  is  responsible  for  maintenance  and  adjustment  of  the 
instrumentation.  However,  the  NAVOCEAHO  survey  personnel,  because  of 
their  responsibility  for  and  dedication  to  the  accuracy  and  validity 
of  the  data,  have  a  need  for  reliable  knowledge  that  the  instrumenta¬ 
tion  is  in  calibration  and  ready  for  survey  and  will  not  produce  In¬ 
valid  data.  Instruments  that  are  calibrated  for  a  particular  range  of 
environmental  conditions  (temperature,  line  voltage,  Ixne  frequency, 
etc.)  cannot  be  assumed  to  be  accurate  if  the  environmental  condi¬ 
tions  are  outside  of  the  specified  tolerance.  There  is  also  the  pos¬ 
sibility  that,  through  human  error,  an  adjustment  to  an  Instrument 
will  adversely  affect  its  calibration.  What  the  HAVOCEANO  survey  per¬ 
sonnel  need  is  some  kind  of  alarm  system  which  will  alert  them  to 
system  status  problems  which  may  affect  productivity,  accuracy,  or 
data  validity.  Such  an  alarm  system  should  be  designed  so  that  it  is 
perceived  by  both  HAVOCEAHO  and  the  OCUNIT  as  compatible  with  the 
present  division  of  responsibilities.  On  the  other  hand,  it  should  be 
capable  of  detecting  subtle  problem  areas  which  boat  officers,  lack- 
ing  years  of  speciallxed  experience  with  surveying  equipment,  might 
miss.  If  an  alarm  system  with  these  characteristics  were  available, 
it  could  serve  as  the  basis  for  a  dialog  between  the  NAVOCEANO  per¬ 
sonnel  and  boat  officers  which  could  lead  to  the  solution  of  identi¬ 
fied  problems. 

Fault  location  capabilities  built  into  many  military  systems 
provide  a  precedent  for  such  an  alarm  system.  The  following  discus¬ 
sion  will  be  limited  to  the  fault  location  capabilities  of  certain 
large  destroyer  ASW  sonars  with  which  one  of  the  authors  has  some 
experience.  In  those  systems,  one  of  the  electronic  modules  is 
dedicated  to  performing  tests  on  all  of  the  other  modules.  This  test¬ 
ing  is  performed  continuously  during  normal  operation  of  the  system. 
Failure  to  meet  specifications  at  any  test  point  causes  a  unique  num¬ 
ber  to  be  displayed  on  a  numerical  display.  This  display  sequentiallv 
cycles  through  numbers  which  identify  each  fault.  The  display  is 


blank  when  the  system  Is  In  perfect  adjustment.  (However,  It  flickers 
enough  to  give  the  operator  confidence  that  this  is  not  due  to  a  bad 
displayl)  the  size  of  the  list  of  numbers  which  this  fault  location 
unit  displays  gives  the  viewer  a  rough  idea  of  the  battle  readiness 
of  the  system,  and  the  actual  numbers  direct  the  sonar  technicians  to 
particular  locations  in  the  system  where  maintenance  is  needed. 

h  repeater  for  the  fault  location  unit  display  is  located  in  the 
Sonar  Control  Rocrni  of  the  destroyer  where  it  can  be  seen  by  the  ASW 
Officer  and  the  ConO^at  Systems  Officer.  These  officers,  who  are  not 
normally  trained  in  the  detailed  electronics  of  the  sonar  system,  are 
able  to  use  the  Information  displayed  to  engage  in  meaningful  dialog 
with  the  enlisted  sonar  technicians  on  the  battle  readiness  of  the 
sonar  system,  the  eunount  of  preventive  maintenance  required,  and  the 
performance  of  the  sonar  deparment.  The  fault  location  capability 
therefore  gives  the  enlisted  personnel  visibility  and  accountability. 

A  key  ingredient  to  the  successful  use  of  the  faui't  location 
capability  on  these  destroyer  systems  is  the  confidence  of  all 
parties  that  faults  indicated  are  Indeed  maintenance  problems,  rather 
than  design  errors  in  the  sonar  or  the  test  unit.  This  confidence  was 
earned  through  a  thorough  OPEVAL  and  extensive  service  use. 

To  increase  the  productivity  of  the  survey  launches,  it  is  pro¬ 
posed  to  apply  the  human  engineering  principles  successfully  imple¬ 
mented  in  the  fault  location  systems  discussed  above.  This  can  1:  3 
accomplished  through  design,  construction,  test,  installation,  and 
evaluation  of  a  fault  location  system  specifically  adapted  to  the 
survey  launches.  This  system  will  consist  of  a  single  electronic 
chassis  and  a  multiplicity  of  sensors.  The  chassis  will  contain  a 
small  printer,  which  identifies  specific  faults  to  the  launch  person¬ 
nel  and  NAVOCEANO  personnel  on  the  mother  ship.  It  will  also  utilize 
the  hydrographic  data  product  as  a  means  of  sending  a  status  message 
to  the  NAVOCEANO  personnel  when  feasible.  For  example,  when  a  Tri- 
sponder  with  a  printer  is  used,  the  fault  location  system  will  insert 
status  messages  periodically  onto  the  printed  navigation  record.  If 
an  echo  sounder  with  a  numeric  or  alphanumeric  printing  capability 
(such  as  the  Raytheon  DSF-6000)  is  used,  status  information  can  also 
be  printed  on  the  fathogram.  This  status  information  should  also  be 
integrated  into  the  data  format  of  any  digital  data  acquisition  sys¬ 
tem.  The  NAVOCEANO  survey  team  can  use  this  information  to  engage  the 
boat  officers  in  meaningful  dialog  about  the  readiness  of  their 
launches  for  survey,  the  validity  of  the  data  collected,  and  the  num¬ 
ber  of  valid  survey  miles  they  produced.  The  boat  officers  will 
therefore  be  motivated  to  keep  their  launches  in  satisfactory  survey 
condition  because  the  results  of  their  efforts  will  be  visible  to 
NAVOCEANO. 

Some  of  the.  tests  and  measurements  which  should  be  considered 
for  the  fault  location  system  are  listed  in  Table  VIII. 

The  navigation  system  antenna  mismatch  sensor  is  designed  to 
detect  deterioration  of  system  performance  most  often  caused  by  mois¬ 
ture  or  physical  damage  to  the  wave  guide.  This  type  of  damage 


changes  ths  distribution  of  current  and  voltage  nodes  in  the  wave 
guide r  sometimes  with  destructive  effects  on  the  transmitter  elec¬ 
tronics  .  This  hind  of  problem  could  be  detected  with  bolometers 
mounted  in  the  wave  guide. 

Navigation  system  transmitted  field  strength  measurements  would 
be  performed  by  a  small  detector,  probably  located  on  the  cabin  top 
as  far  as  possible  from  the  mast.  This  measurement  would  supplement 
the  antenna  mismatch  data  by  detecting  abnormal  changes  in  at  least 
one  sample  of  the  antenna  field  pattern. 

The  navigation  system  receiver  signal  and  noise  measurement  will 
give  seme  insight  on  the  reliability  of  the  navigation  data,  espe¬ 
cially  at  the  fringes  of  positioning  system  nets.  Both  functions 
might  be  replaced  with  a  single  signal-to-noise  sensor. 

The  navigation  system  calibration  test  is  designed  to  detect  any 
changes  to  the  delay  since  the  unit  was  last  calibrated  at  a  known 
position.  The  test  unit  would  Implcmient  this  test  by  echoing  back  the 
navigation  system's  signal  and  causing  it  to  print  the  measured  de¬ 
lay,  or  by  taking  the  navigation  unit's  delay  moasureisent  (from  its 
digital  output  terminals)  and  comparing  it  with  recent  values. 

Echo  sounder  calibration  %i>ould  also  be  impleoiented  by  echoing 
back  the  echo  sounder's  signal  and  causing  it  to  draw  a  line  at  a 
particular  position  on  the  chart.  In  addition,  the  test  unit  would 
take  digital  depth  fr<Ma  the  echo  sounder's  outputs  and  compare  it 
with  the  amount  of  delay  introduced. 

Tests  would  be  Included  to  ascertain  whether  ths  AC  line  ground 
wire  was  properly  connected  to  ground  and  v^hether  excessive  ground 
noise  voltages  existed. 

Finally,  the  fault  location  system  would  have  to  print  some  pos¬ 
itive  indication  that  it  is  hooked  up  and  operating. 

The  fault  location  system  should  bo  packaged  in  a  way  which  dis¬ 
courages  tampering  in  the  field,  (hi  the  other  hand,  interface  func¬ 
tions  should  be  separated  from  other  circuits  in  a  way  which  facili¬ 
tates  adapting  it  to  new  hydrographic  sensors  on  shore. 

One  trade-off  yet  to  be  determined  is  whether  the  fault  location 
system  should  shut  down  the  survey  system  When  a  fault  is  discovered, 
so  that  it  would  be  impossible  to  continue  surveying  until  the  fault 
is  corrected.  The  authors  believe  that  such  a  function  should  not  be 
implemented  until  after  the  basic  fault  location  system  has  proven 
itself  through  field  use.  To  do  otherwise  would  invite  attempts  to 
defeat  its  purpose.  The  fault  location  sytem  could  be  designed  to  be 
compatible  with  addition  of  an  autcxaatic  shutdown  capability  in  the 
future  if  addition  of  this  function  was  deemed  feasible  and  prudent. 

The  fault  location  system  will  assist  technicians  in  maintaining 
the  hydrographic  survey  equipment,  and  will  increase  the  reliability 


of  t)M  liydrogrAphlc  data  by  alarting  tha  tachnlciana  and  tha 
mvoCEAHO  aurvay  paraonnal  to  problao  araae.  It  should  not  ba  ragard- 
ad  as  a  panacaa  or  as  a  substituta  for  raliabllity«  docuaantatlon, 
and  huaan  anginaarlng  of  tha  basic  hydrographic  survay  aqulpnant. 

All  survay  aqulpnant  should  ba  saalad  against  tha  moist,  corro- 
slva  anvlronmantr  This  could  ba  facllltatad  Xjy  provlslcm  of  an  alac- 
tronie  annotation  capability  for  tha  acho  soundar;  with  alactronlc 
annotation.  It  would  not  ba  nacassary  to  opan  tha  accass  doors  during 
nonsnl  oparation.  In  addition,  tha  avant  mark  on  tha  acho  soundar 
could  ba  synchronisad  with  tha  navigation  unit's  prlntar.  HAVOCEAHO 
has  budgated  funds  In  FY85  to  raplaca  tha  DSP-600,  and  plans  to  In- 
corporata  thasa  faaturaa  Into  that  procurmant.  Finally,  navigation 
system  displays  should  ba  buffered  so  that  they  don't  change  while 
being  read  and  manually  recorded.  Both  tha  Trispmdar  DDini  520  (%hich 
NAVOCSAMO  has  placed  on  U8MS  EIARKHBSS  since  tha  Golfa  da  la  Oonava 
Suivay)  and  tha  Mini -Ranger  III  Range  Console  have  data-hold  features 
that  fraasa  tha  data  display. 

Nicrowavs  wave  guides  should  ba  protected  against  solsture.  Soma 
consideration  should  ba  given  to  operating  tha  launch  air  condition¬ 
ing  systems  around  tha  clock  to  protect  tha  alactronlc  equipment.  A 
special  effort  sYiould  ba  oMda  to  forecast  future  launch  power  ra- 
qulramants  and  to  assure  that  generator  capacity  Is  adequate. 

It  Is  not  likely  that  tha  Ideal  of  100%  aqulpamnt  availability 
can  ba  achieved  without  a  highly  redundant  survay  suite,  which  %«ould 
require  elaborate  preventative  maintenance  procedures.  However,  tha 
proposed  actions*  combined  with  continuing  effort  mi  tha  part  of 
HAVOCBAHO.  the  equipment  manufacturers,  and  the  OCUHITS  to  Improve 
equipment  reliability,  docuawntatlon.  human  engineering,  and  train¬ 
ing.  will  reduce  equlpnmnt  down  time  sufficiently  to  substantially 
Increase  fleet  productivity. 

6.0  C0NCLU8I0HS  AMD  RECOMNEHDATIOMS 


MOROA  was  tasked  to  develop  a  sonar  device  that  will  Improve  the 
efficiency  and  productivity  of  the  NAVOCEASO  hydrographic  survey 
launches,  which  acquire  data  for  DMA  charts.  A  major  requirement  for 
this  sonar  Is  that  It  must  be  compatible  with  and  human  engineered 
for  the  MAVOCBAMO/DNA  operational  survey  scenario.  In  other  words, 
the  nature  of  the  survey  operations  must  determine  the  type  of  tech- 
nology  which  Is  developed,  rather  than  the  other  way  around. 

A  major  effort  went  into  learning  the  details  of  how  NAVOCEAMO 
performs  hydrographic  surveying  and  how  the  OCUNIT's  on  the  survey 
ships  conduct  the  actual  data  acquisition  operations  and  perform 
smlntenance .  This  effort  included  observations  of  actual  operations 
at  sea.  The  Insights  gained  from  this  activity.  Which  are  documented 
In  the  body  of  this  report,  formed  the  basis  for  assessing  alternate 
strategies  for  increasing  launch  productivity. 
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6.1  CONCLUSIONS 


It  was  found  that  multl-baan  sonars  ha  vs  the  potential  to  In- 
crease  productivity  in  tenas  of  area  surveyed  per  day  per  launch  by 
50%  for  water  .depths  between  75  and  200  m.  or  possibly  by  100%  over 
the  very  lisdted  depth  range  of  145  to  200  m.  By  contrast,  under  the 
operating  conditions  observed  daring  the  May  1982  SURVOPS  in  Golfe  de 
la  Oonave#  if  the  launches  were  fully  operational  100%  of  the  survey, 
then  productivity  would  increase  by  a  factor  of  2.1  (110%);  and  if 
the  launches  were  the  new  LCP(L)MK12  type  launches,  fully  operational 
100%  of  the  survey  day  and  capable  of  surveying  at  17  knots,  then 
productivity  would  increase  by  a  factor  of  4.1  (310%). 

Sector-scan  sonars  were  found  to  have  attractive  potential  for 
detecting  navigation  hazards  between  sound  lines,  mapping  the  perim¬ 
eters  of  hazardous  areas,  and  reconnaissance  and  survey  planning  be¬ 
cause  of  their  relatively  high  resolution,  low  cost,  and  the  poten¬ 
tial  for  adapting  them  for  high-speed,  hull -mounted  use.  However,  it 
is  important  that  sector-scan  sonars  be  designed  so  as  not  to  limit 
the  survey  speed. 

The  location  and  manner  of  installation  of  the  echo  sounder 
transducer  and  the  size  of  the  launch's  generator  were  identified  as 
iiqportant  factors  affecting  productivity . 

6 . 2  RECOMMENDATIONS 

The  following  specific  action  is  recommended: 

9  Design,  construct,  test,  install,  and  evaluate  a  hydrographic 
launch  fault  location  system  designed  to  give  both  NAVOCEANO 
and  the  OCUNIT  feedback  on  the  status  of  the  launch  instru- 
awntation  and  certain  critical  environmental  parameters.  This 
effort  should  be  coordinated  with  NAVOCEANO's  equipment  pro¬ 
curement  plans. 

•  Purchase  an  easy-to-use  device  for  annotation  of  the  echo 
sounder  records  without  opening  the  access  door.  This  wfll 
reduce  corrosion  damage. 

e  Synchronise  the  echo  sounder  event  mark  with  the  printing  or 
recording  of  navigation  flices. 

•  Identify  and  execute  other  actions  to  increase  overall  relia¬ 
bility  and  maintainability  such  as  the  sealing  of  specific 
electronic  units  against  the  environment. 

e  Initiate  an  effort  to  evaluate  the  utility  of  sector-scan 
sonars  for  hydrography  survey  operations.  The  first  step 
should  be  low-speed  tests  on  the  developmental  700  series 
launch  presently  stationed  in  Oulfport,  Miss.,  using  strut  or 
"belly  band"  transducer  mounting  techniques.  If  successful, 
these  tests  can  be  followed  by  a  permanent  installation  and 
high-speed  tests.  Next,  design  modifications  to  x'educe  the 
speed-related  image  distortion  of  the  sector-scan  sonar 
should  be  executed,  and  the  high  speed  tests  should  be  re¬ 
peated  . 
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6.3  RECAP  OF  RECOMMENDATIONS 


Th«  authors  ballava  that  tha  racommandad  tachnologlcal  davalop- 
mant  afforts  will  maka  strong  contribution  to  tha  vary  complax  prob- 
1am  of  incraaslng  hydrographic  launch  productivity.  Thasa  afforts 
Includa  tha  modification  and  adaptation  of  commercially  produced 
sonars.  Hcwavar,  tha  emphasis  is  on  the  use  of  modern  electronic 
technology  to  si  plify  and  human  engineer  certain  critical  operation¬ 
al  and  tasting  functions,  and  on  the  development  of  devices  that 
facilitate  communication  between  NAVOCSANO  and  the  OCUNIT  on  launch 
system  status. 
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BULL  MO. 

671 

672 

674 

711 

Data 

Total 

14  May 

17 

34 

36 

32 

119 

15  May 

42.5 

44 

23.5 

41.5 

151.5 

16  May 

13.5 

14 

27.5 

28 

83 

17  May 

30 

45 

23 

49 

147 

18  May 

12 

42.1 

3.4 

64 

121.5 

19  May 

56 

22 

26 

76 

180 

20  May 

43 

48 

7 

Rapair 

98 

21  May 

53 

25 

1 

35 

114 

22  May 

38 

17.3 

24 

37 

116.5 

23  May 

11.3 

19.6 

4.7 

11.5 

47.1 

24  May 

33.4 

46.1 

19.7 

7.4 

106.6 

25  May 

51.6 

32.5 

1 

37.2 

122.3 

26  May 

10.3 

39.6 

21 

44.5 

115.4 

MEAN 

31.7 

33.0 

16.8 

38.6 

119.4 

Standard 

16.5 

11.6 

11.3 

18.4 

Deviation 


i 


fr- 


M 

i 


I 

I 

o  I 


I 


.'li 

JL^ 


28 


TABLE  II 


LAUMCH  CAPACITY 

ESTIMATE 

MILES  OF  TRACK 

PER  DAY* 

14-26 

May  1982 

HULL  HUMBER 

671 

672 

674 

Propuls ion- limited  speed*  kts 

7 

7 

7 

Sonar-linited  speed,  kts 

7 

7 

7 

Days  operating  at  full  speed 

8 

13 

12.5 

Assumed  speed  in  shoal  water*  Xts 

3 

3 

3 

Days  In  shoal  water 

5 

0 

0.5 

Hours  per  day  fully  operational 
and  on  track 

8 

8 

8 

Capacity*  nm  per  day 

43.7 

56 

54.8 

Actual  Produc^l>  ty*  average 
nm  per  day 

31.7 

33.0 

16.8 

LAUHCH  PROOUCTIi  Y  AS  A  % 

OP  CAPACITY 

73% 

59% 

31% 

TABUt  III 


PBRFORMAHCB  OP  LAUNCH  NO.  671 


DATB 

HULL  NUMBBR  671 

CONDITIONS  THAT  AFFECfED  SURVEYING 

14  May 
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nllaa 

Shoal*  Trlspondar 

15  May 

42.5 

mllas 

Shoal 

16  May 

13.5 

Mllaa 

Shoal 

17  May 

30 

mllas 

Shoal 

18  May 

12 

milas 

Shoal 

19  May 

56 

mllas 
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43 

mllas 

Elactrical  problam  flxad  by  craw  at 
saa  without  raturnlng  to  chip 
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53 

mllas 

22  May 

38 

mllas 

23  May 

11.3 

sdlas 

Trlspondar  problams 

24  May 

33.4  nllaa 

25  May 

51.6 

sdlas 

26  May 

10.3 

mllas 

Elactrlcal  problams 
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S 

I 
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TABLE  IV 


PERPORMAKCE  OF  LAUNCH  NO.  672 
DATE  HULL  NUMBER  672 


14 

May 

34 

mllea 

Trispondar  problems  late 

in  the  day 

15 

May 

44 

mllas 

16 

May 

14 

ml  las 

Trisponder  problems;  beat 
to  ship  for  repair 

returned 

17 

May 

45 

milas 

18 

May 

42.1 

milas 

19 

May 

22 

milas 

Trisponder  and  electrical 

problems 

20 

May 

48 

milas 

21 

May 

25 

milas 

22 

May 

17.5 

milas 

23 

May 

19.6 

milas 

Trisponder  problems 

24 

May 

46.1 

milas 

25 

May 

32.5 

milas 

26 

May 

39.6 

milas 

TABLE  V 


PERFORMANCE  OP  LAUNCH  NO.  674 

DATE  HULL  NUMBER  674 


14 

May 

36 

ml  las 

Trlsponder  problems  late  : 

Ln  the  day 

15 

May 

23.5 

miles 

Electrical  overload.  Trlsponder 
signal  lost  at  1500 

16 

May 

27.5 

miles 

Trlsponder 

and 

electrical  problems 

17 

May 

23 

miles 

18 

May 

3.4 

miles 

Trlsponder 

and 

electrical 

problems 

19 

May 

26 

miles 

20 

May 

7 

miles 

Trlsponder 

and 

electrical 

problems 

21 

May 

1 

mile 

Trlsponder 

and 

electrical 

problems 

22 

May 

24 

miles 

23 

May 

4.7 

miles 

Trlsponder 

and 

electrical 

problems 

24 

May 

19.7 

miles 

Trlsponder 

and 

electrical 

problems 

25 

May 

1 

mile 

Trlsponder 

and 

electrical 

problems 

26 

May 

21 

miles 

TABLE  VI 


PERFORMANCE  OP  LAUNCH  NO.  711 

DATE  HULL  NUMBER  674 


14  May 

32 

miles 

Trisponder  problems 

late  in  the  day 

15  May 

41.5 

miles 

16  May 

28 

miles 

17  May 

49 

miles 

18  May 

64 

miles 

19  May 

76 

miles 

20  May 

00 

miles 

Transmission  repair 

21  May 

35 

miles 

22  May 

37 

miles 

23  May 

11.5 

miles 

Trisponder  problems 

in  the  morning  hours 

24  May 

7.4 

miles 

Trisponder  problems 

all  day 

25  May 

37.2 

miles 

26  May 


44.5  miles 
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SBCTOR«SCAH  SONARS 


OOMTRACTQR 

EDO 

AMETEK- 

STRAZA 

AMETEK- 

STRAZA 

WESMAR 

WESMAR 

WESMAR 

Nodftl 

4059  OAS 

25QA 

300  SNAP 

SS270 

SS265 

SS190 

Fr«qu«ncy,  kHs 

100 

107>122 

(AN/WQ8-1) 

200 

60 

160 

266 

Rang*,  mtara 

400 

1500 

500 

1440 

800 
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Horlsontal  baamwidth# 

2 

3 

3 

14 

6.5 

8 

dag. 

Vartloal  baamd-dth* 

50 

Wida 

15 

9 

6.5 

8 

dag. 

Scan  rata*  dagraaa/ 

aac 

Soundhaad  width*  In 

5.8 

(8200  m 
ranga) 

17 

30 

9.5 

240000 

(alac- 

tronic) 

14 

7.6 

10 

(8300  m 
ranga) 
5.8 

3.1 

Soundhaad  hal^t*  In 

8.1 

18.4 

9.8 

20 

17.8 

10.5 

Dcma  or  fairing 

YES 

YES 

NO 

DEPENDS 

ON  INSTALLATION 

na«lad? 

S«a  Ghaat  naadad? 

NO 

NO 

NO 

YES 

YES 

YES 

Oontractor'a  prica* 

51.4 

30.5 

50.0 

10.0 

7.2 

5.8 

$K 
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TABLE  VIII 

FAULT  LOCATION  SYSTEM 
TESTS  AND  MEASUREMENTS 

Cabin  tamparatura 
AC  llna  voltaga 
AC  llna  frequency 

Navigation  ayatam  tranamittar  output 

Navigation  ayatam  racaivar  signal  level 

Navigation  system  racaivar  noise  level 

Navigation  system  transmitted  field  strength 

Navigation  system  antenna  mismatch 

Navigation  system  calibration 

Echo  sounder  output 

Echo  sounder  received  signal  level 

Echo  sounder  noise 

Echo  sounder  calibration 

Connection  of  instrumentation  ground  wire  to  ground 
AC  noise  level  on  instrumentation  ground 
Various  instrumentation  power  supply  voltages 
Fault  Location  System  operating 
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